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(57) Abstract 

A high-vacuum pump includes a first vacuum pump section and a second vacuum pump section coupled in series and having an 
interstage region between them. The vacuum pump further includes a housing containing the first and second vacuum pump sections. The 
housing includes a high conductance peripheral duct surrounding all or part of the interstage region and coupled to the interstage region. 
The housing defines a first inlet port coupled to an inlet of the first vacuum pump section, a second inlet port coupled to the peripheral duct, 
and an exhaust port coupled to an outlet of the second vacuum pump section. Examples of high-vacuum pumps according to the invention 
include turbomolecular vacuum pumps, diffusion pumps and mixed vacuum pumps which include both axial flow stages and molecular 
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DUAL INLET VACTTTIM PTTMPS 

Field of the Inventinn 

This invention relates to high-vacuum pumps used for evacuating vacuum enclosures 
5 and, more particularly, to dual inlet high-vacuum pumps which may be used for evacuating 
different chambers of a vacuum enclosure. The invention may be implemented in 
turbomolecular vacuum pumps and diffusion pumps, but is not limited to these types of vacuum 
pumps. 

10 Background of the Inventinn 

Conventional turbomolecular vacuum pumps mclude a housing having an inlet port, an 
interior chamber containing a plurality of axial flow pumping stages and an exhaust port. The 
exhaust port is typically attached to a roughing vacuum pump. Each axial flow pumping stage 
includes a stator having inclined blades and a rotor having inclined blades. The rotor and stator 

1 5 blades are inclined in opposite directions. The rotor blades are rotated at high speed to provide 
pumping of gases between the inlet port and the exhaust port. A typical turbomolecular vacuum 
pump may include nine to twelve axial flow pumping stages. 

Variations of the conventional turbomolecular vacuum pump are known in the prior art. 
In one prior art configuration, one or more of the axial flow pumping stages are replaced with 

20 disks which rotate at high speed and which function as molecular drag stages. This 

configuration is disclosed in U.S. Patent No. 5,238,362 issued August 24, 1993 to Casaro et al. 
A turbomolecular vacuum pump including an axial turbomolecular compressor and a molecular 
drag compressor in a common housing is sold by Varian Associates, Inc. under Model No. 969- 
9007. Turbomolecular vacuum pumps utilizing molecular drag disks and regenerative impellers 

25 are disclosed in German Patent No. 3,919,529 published January 18, 1990. 

Molecular drag compressors include a rotating disk and a stator. The stator defines a 
tangential flow channel, and an inlet and an outlet for the tangential flow channel. A stationary 
baffle, often called a stripper, disposed in the tangential flow channel separates the inlet and the 
outlet. As is known in the art, the momentum of the rotating disk is transferred to gas molecules 

30 within the tangential flow channel, thereby directing the molecules toward the outlet and 
pumping the gas. 

Some instruments and processing systems have two or more vacuum chambers which it 
is desirable to operate at different pressure levels. The chambers may be connected through one 
or more orifices that are small enough to permit establishment of different pressure levels. 
1 
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Examples include mass spectrometers, molecular beam systems and ion beam systems. One 
approach is to connect a separate vacuum pump to each of the vacuum chambers. Another 
approach, which is typically more economical, is to utilize a single vacuum pump having two or 
more inlets which are connected to different points in a single vacuum pump. The inlets are 
5 connected to different vacuum chambers. 

An example of a prior art dual inlet turbomolecular vacuum pump 10 is shown in FIG. 4. 
The turbomolecular vacuum pump (turbopump) 10 includes a first pumping section 12, a 
second pumping section 14 and an interstage region 16 between pumping sections 12 and 14. 
First pumping section 12 includes axial flow pumping stages 20, 22, etc., and second pumping 
10 section 14 includes axial flow pumping stages 30, 32, etc. A housing 40 has a first inlet port 42 
coupled to an inlet of first vacuum pumping section 12, a second inlet port 44 coupled through a 
conduit 46 to interstage region 16, and an exhaust port 48 coupled to an outlet 50 of second 
vacuum pumping section 14. Each of the axial pumping stages 20, 22, 30, 32, etc. includes a 
stator having inclined blades and a rotor having inclined blades. The rotor of each axial 
15 pumping stage is connected by a shaft 52 to a motor 54. 

In use, first inlet port 42 is connected to a first vacuum chamber (not shown) at a 
relatively low pressure and second inlet port is connected to a second vacuum chamber (not 
shown) at a higher pressure level. The first and second chambers are evacuated simultaneously 
by turbopump 10. 

20 The turbopump configuration shown in FIG. 4 provides generally satisfactory 

performance, but has certain disadvantages. The interstage region 16 has a relatively large axial 
dimension parallel to shaft 52 in order to provide adequate gas conductance between second 
inlet port 44 and second pumping section 14. This requires a lengthening of shaft 52 in order to 
provide the same performance as an equivalent single inlet turbopump. This results in increased 

25 size and cost of the turbopump. In addition, since the shaft and rotors are typically cantilevered 
from the motor end of the turbopump, the increased shaft length may give rise to problems in 
balancing the turbopump for high speed operation and in reduction of bearing life. 

Accordingly, it is desirable to provide vacuum pump configurations which overcome one 
or more of the above disadvantages. 

30 

Summary of the Invention 

According to a first aspect of the invention, a vacuum pump is provided. The vacuum 
pump comprises a first vacuum pump section and a second vacuum pump section coupled in 
series and having an interstage region between them. The vacuum pump further comprises a 
2 



wo 00/46508 



PCT/US00/D2583 



housing containing the first and second vacuum pump sections. The housing includes a high 
conductance peripheral duct surrounding all or part of the interstage region and coupled to the 
interstage region. The housing defines a first inlet port coupled to an inlet of the first vacuum 
pump section, a second inlet port coupled to the peripheral duct and an exhaust port coupled to 
5 an outlet of the second vacuum pump section. 

In a first embodiment, the vacuum pump comprises a turbomolecular vacuum pump. In 
a second embodiment, the vacuum pump comprises a diffusion pump. In a third embodiment, 
the vacuum pump comprises a mixed vacuum pump including both axial flow stages and 
molecular drag stages. 

10 According to a second aspect of the invention, a vacuum pump comprises two or more 

axial flow stages coupled in series, a motor, a shaft and a housing containing the axial flow 
stages. The axial flow stages are divided into a first pump section and a second pump section 
separated from the first pump section by an interstage region. Each of the axial flow stages 
comprises a rotor and stator. The shaft is coupled between the motor and the rotor of each of the 

1 5 axial flow stages. The housing includes a high conductance peripheral duct surrounding all or 
part of the interstage region and coupled to the interstage region. The housing defines a first 
inlet port coupled to an inlet of the first pump section, a second inlet port coupled to the 
peripheral duct, and an exhaust port coupled to an outlet of the second pump section. The 
second pump section may optionally include one or more molecular drag stages. 

20 According to a third aspect of the invention, a diffiision pump comprises two or more 

vapor jet stages coupled in series, a vapor source for supplying a vapor to the vapor jet stages 
and a housing containing the vapor jet stages. The vapor jet stages are divided into a first pump 
section and a second pump section having an interstage region between them. The housing 
includes a high conductance peripheral duct surrounding all or part of the interstage region and 

25 coupled to the interstage region. The housing defines a first inlet port coupled to an inlet of the 
first pump section, a second inlet port coupled to the peripheral duct, and an exhaust port 
coupled to an outlet of the second pump section. 

In each embodiment, the housing may comprise a generally cylindrical wall having an 
annular gap adjacent to the interstage region. The peripheral duct may surround the annular gap 

30 and may be coupled through the annular gap to the interstage region. 

Brief Description of the Drawing s 

For a better understanding of the present invention, reference is made to the 
accompanying drawings, which are incorporated herein by reference and in which: 
3 
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FIG. 1 is a cross-sectional schematic diagram of a dual inlet vacuixm pump in accordance 
with the invention; 

FIG. 2 is a simplified cross-sectional view of a dual inlet turbomolecular vacuum pump 
in accordance with a first embodiment of the invention; 
5 FIG. 3 is a simplified cross-sectional view of a dual inlet diffusion pump in accordance 

with a second embodiment of the invention; and 

FIG. 4 is a cross-sectional view of a prior art dual inlet tarbomolecular vacuum pump. 

Detailed Description 

10 A cross-sectional schematic diagram of an embodiment of a dual inlet vacuum pump in 

accordance with the present invention is shown in FIG. 1. A vacuum pump 110 includes a first 
pump section 1 12, a second pump section 114 and an interstage region 1 16 between first pump 
section 1 12 and second pump section 1 14. Each of the first and second pump sections 1 12 and 
1 14 may include one or more vacuum pumping stages, as described below. A housing 120 

1 5 includes a wall 122 and a peripheral duct 124 which surrounds all or part of interstage region 
1 16 and is in fluid communication with interstage region 1 16. Housing 120 is provided with a 
fu-st inlet port 130 coupled to an inlet of first pump section 1 12, a second inlet port 132 coupled 
through a conduit 134 to peripheral duct 124, and an exhaust port 136 coupled to an outlet 138 
of second pump section 114. Pump sections 1 12 and 1 14 are coupled in series between inlet 

20 port 1 30 and exhaust port 1 36, and an outlet of first pump section 1 12 is coupled through 
interstage region 1 16 to an inlet of second pump section 1 14. Vacuum pump 1 10 may be 
configured to have more than two inlet ports within the scope of the invention. 

Peripheral duct 124 surrounds all or a selected portion of wall 122 of housing 120 and 
has a cross-section that provides a relatively high gas conductance. Wall 122, which may be 

25 generally cylindrical in shape, is provided with a gap 140 adjacent to interstage region 1 16. 
Where wall 122 is cylindrical, gap 140 may be annular. Gap 140 provides a relatively high 
conductance passage between peripheral duct 124 and interstage region 1 16. The cross- 
sectional area and length of conduit 134, the cross-sectional area and length of peripheral duct 
124 and the dimensions of gap 140 are selected to provide a desired gas conductance between 

30 second inlet port 1 32 and interstage region 1 1 6. As indicated, peripheral duct 124 may surround 
all or a selected portion of wall 122. When peripheral duct 124 extends around less than the fijll 
circumference of wall 122, gap 140 is dimensioned to be enclosed by peripheral duct 124, The 
relatively large axial dimension of interstage region 16 in prior art turbopump 10 is replaced in 
the vacuum pump of FIG. 1 with interstage region 1 16 having a relatively small axial 
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dimension. Adequate gas conductance from conduit 132 to second pump section 1 14 is 
achieved by peripheral duct 124 and gap 140. 

In operation, gas is pumped from first inlet port 1 3 0 through first pump section 11 2 and 
second pump section 1 14 to exhaust port 136. In addition, gas is pumped from second inlet port 
through second pump section 1 14 to exhaust port 136. As a result, inlet port 130 has a relatively 
low pressure, second inlet port 132 and interstage region 1 16 have an intermediate pressure and 
exhaust port 136 has a relatively high pressure. Thus, inlet ports 130 and 132 may be connected 
to different vacuum chambers at different pressure levels. 

A first embodiment of the invention is shown in FIG. 2. A dual inlet turbomolecular 
vacuum pump 210 includes a first pump section 212, a second pump section 214 and an 
interstage region 216 between pump sections 212 and 214. A housing 220 defines an interior 
chamber containing first pump section 212, second pump section 214 and interstage region 216. 
Housing 220 may include a generally cylindrical wall 222 and a vacuum flange 226 for sealing 
the turbopump 2 10 to a vacuum chamber (not shown) to be evacuated. A peripheral duct 224 
surrounds all or a part of interstage region 216. Housing 220 further includes a first inlet port 
230 coupled to an inlet of first pump section 212, a second inlet port 232 coupled through a 
conduit 234 to peripheral duct 224 and an exhaust port 236 coupled to an outlet 238 of second 
pump section 214 through a conduit 239. The exhaust port 236 is typically connected to a 
backing vacuum pump (not shown). In cases where the turbopump is capable of exhausting to 
atmospheric pressure, a backing pump is not required. Turbopump 210 may have more than two 
inlet ports within the scope of the invention. 

First pump section 212 and second pump section 214 may each include one or more 
axial flow vacuum pumping stages such as stages 240, 242 and 244. Each of the axial flow 
stages includes a rotor 250 and a stator 252. Typically turbomolecular vacuum pumps have 
about nine to twelve stages. 

Each rotor 250 includes a central hub attached to a shaft 260, and inclined blades around 
its periphery. The shaft 260 is rotated at high speed by a motor 262 in a direction indicated by 
arrows 264 in FIG. 2. The gas molecules are directed generally axially by each axial pumping 
stage from inlet ports 232 and 232 to exhaust port 236. Each stator includes a central hub with 
an opening for shaft 260. The stator hubs do not contact shaft 260. The stators also have 
inclined blades. The blades of the rotor and the blades of the stator are inclined in opposite 
directions. The structure of axial flow stages is generally known to those skilled in the art. 

Interstage region 216 may have a relatively short axial dimension and may be formed by 
omitting one or more of the stators in a conventional turbopump. The interstage region 216 may 
5 
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have, for example, an axial dimension in a range of about 0.75 to 1.5 inches (depending on the 
pump size). An annular gap 270 is provided in cylindrical wall 222 of housing 220. Annular 
gap 270 is aligned with and provides access to interstage region 216 from the exterior of 
cylindrical wall 222. Peripheral duct 224 surrounds all or part of interstage region 2 1 6 and is 
aligned with annular gap 270. Annular gap 270 may have, for example, an axial dimension in a 
range of about 0.25 to 0.75 inches (depending on the pump size). 

The combination of peripheral duct 224 and annular gap 270 provides a high gas 
conductance path between conduit 234 and interstage region 216. Thus, gas pumped through 
second inlet port 232 passes through conduit 234 and into peripheral duct 224. The gas flows 
around peripheral duct 224 and passes from peripheral duct 224 through annular gap 270 into 
interstage region 216. Thus, even though annular gap 270 has a small axial dimension, high 
conductance is achieved by the circumferential extent of peripheral duct 224 and annular gap 
270. As indicated above peripheral duct 224 and annular gap 270 may extend around the entire 
circumference of cylindrical wall 222 or around a selected part of cylindrical wall 222 to 
achieved a desired gas conductance between inlet port 232 and interstage region 216. Gas flows 
into interstage region 216 around all or part of its periphery rather than through a single 
opening, as in the prior art turbopump of FIG. 4. It will be understood that interstage region 216 
receives gas through annular gap 270 and from the outlet of first pump section 212. The gas is 
then pumped by second pump section 214 to exhaust port 236. In a preferred embodiment, a 
rotor 274 of the first axial flow pumping stage of second pump section 214 has relatively high 
blade angles to achieve high pumping speed. 

One or more of the axial flow pumping stages in turbopump 210 may be replaced with a 
molecular drag stage. Typically, axial flow stages near exhaust port 236 are replaced with 
molecular drag stages. However, in general, one or more axial flow stages in either or both of 
pump sections 212 and 214 may be replaced with molecular drag stages within the scope of the 
present invention. 

Peripheral duct 224 may be sealed to cylindrical wall 222 or may be an integral part of 
cylindrical wall 222. Likewise, peripheral duct 224 may be sealed to or may be an integral part 
of conduit 234. The housing 220, including cylindrical wall 222, peripheral duct 224, flange 
226, conduit 234 and conduit 239, may be fabricated as one or more pieces within the scope of 
the invention. Where peripheral duct 224 surrounds cylindrical wall 222, duct 224 has a 
generally toroidal shape. The interior cross-sectional area of peripheral duct 224 is selected to 
provide a desired gas conductance between conduit 234 and interstage region 216. In general, 
peripheral duct 224 should have as large a cross-sectional area as is practical, within the size and 
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cost constraints of the application. 

A second embodiment of the invention is shown in FIG. 3. A dual inlet diffusion 
vacuum pump 310 includes a first vapor jet stage 312, a second vapor jet stage 314, a third 
vapor jet stage 316, and a fourth vapor jet stage 371. An interstage region 318 is located 
5 between first stage 312 and second stage 314. In the embodiment of FIG. 3, vapor jet stage 312 
constitutes a first pump section, and vapor jet stages 314, 316 and 371 constitute a second pump 
section. The diffusion pump 310 includes a housing 320 having a generally cylindrical wall 
322. A peripheral duct 324 surrounds interstage region 3 1 8. A first inlet port 330 is coupled to 
an inlet of first vapor jet stage 312; a second inlet port 332 is coupled through a conduit 334 to 

10 peripheral duct 324, and an exhaust port 336 is coupled to outlets of third vapor jet stage 316 
and fourth vapor jet stage 371 through a conduit 338. The diffusion pump 310 may include 
more than two inlet ports within the scope of the invention. 

A boiler 340 located at the bottom portion of housing 320 is the vapor source for vapor 
jet stages 3 12, 3 14, 3 1 6, and 371. Boiler 340 includes a boiler shell 342, a heater 346 and a 

15 liquid reservoir 348. The heater 346 causes a liquid in reservoir 348 to boil off as a vapor which 
passes through an interior region 350 of a jet assembly 352. 

Jet assembly 352 has an annular opening 360 through which the vapor passes in a 
conical spray to form first vapor jet stage 312, a second annular opening 362 through which 
vapor passes in a conical spray to form second vapor jet stage 3 14 and a third annular opening 

20 364 through which vapor passes in a conical spray to form third vapor jet stage 316. The 
configuration of jet assembly 352 to form vapor jet stages 3 12, 3 14, 3 16, and 371 is 
conventional in diffusion pumps. Each vapor jet stage includes a nozzle which directs vapor 
from the vapor source in the direction of exhaust port 336. The vapor is condensed by the 
cooled cylindrical wall 322 of housing 320, and the condensed vapor returns to reservoir 348 for 

25 recycling. 

Peripheral duct 324 surrounds the cylindrical wall 322 of housing 320 or a selected 
portion thereof and provides a high conductance path between conduit 334 and interstage region 
318 through an annular gap 370 in cylindrical wall 322. Peripheral duct 324 provides a high 
conductance path from second inlet port 322 to interstage region 3 1 8, without requiring a 
30 substantial increase in the length of the difftision pump 310. Housing 320, including wall 322, 
peripheral duct 324, conduits 334 and 338, may be fabricated as one or more pieces within the 
scope of the invention. 

While there have been shown and described what are at present considered the preferred 
embodiments of the present invention, it will be obvious to those skilled in the art that various 
7 
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changes and modifications may be made therein without departing from the scope of the 
invention as defined by the appended claims. 
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1 . A high-vacuum pump comprising: 

a first vacuum pump section and a second vacuum pump section coupled in series and 
having an interstage region between them; and 

a housing containing said first and second vacuum pump sections, said housing including 
a high conductance peripheral duct surrounding all or part of said interstage region and coupled 
to said interstage region, said housing defining a first inlet port coupled to an inlet of said first 
vacuum pump section, a second inlet port coupled to said peripheral duct and an exhaust port 
coupled to an outlet of said second vacuum pump section. 

2. A high-vacuum pump as defined in claim 1 wherein said first and second vacuum pump 
sections each comprise one or more axial flow pumping stages. 

3. A high-vacuum pump as defined in claim 1 wherein said first vacuum pump section 
comprises one or more axial flow pumping stages and said second vacuum pump section 
comprises one or more molecular drag stages. 

4. A high- vacuum pump as defined in claim 1 wherein said housing comprises a wall 
having a gap adjacent to said interstage region and wherein said peripheral duct surrounds said 
gap and is coupled through said gap to said interstage region. 

5. A high-vacuimi pump as defmed in claim 1 comprising a turbomolecular vacuum pump 
wherein said first vacuum pump section comprises one or more axial flow pumping stages and 
wherein said second vacuum pump section comprises one or more axial flow pumping stages. 

6. A high-vacuum pump as defined in claim 5 wherein said housing comprises a generally 
cylindrical wall having an annular gap adjacent to said interstage region and wherein said 
peripheral duct comprises an annular duct surrounding said annular gap and coupled through 
said annular gap to said interstage region. 

7. A high-vacuum pump as defined in claim 5 wherein said interstage region has an axial 
dimension of one or more of said axial flow pumping stages. 



8. 



A high-vacuum pump as defmed in claim 5 wherein each of said axial flow pumping 



wo 00/46508 



PCT/USOO/02583 



Stages comprises a rotor and a stator, wherein the stators are mounted on a shaft coupled to a 
motor, said shaft having a length selected to provide said interstage region. 

9. A high-vacuum pump as defined in claim 1 wherein said first vacuum pump section 
comprises at least one vapor jet vacuum pumping stage and wherein said second vacuum pump 
section comprises at least one vapor jet vacuum pumping stage. 

10. A high-vacuum pump as defined in claim 9 wherein said housing comprises a generally 
cylindrical wall having an annular gap adjacent to said interstage region and wherein said 
peripheral duct comprises an annular duct surrounding said annular gap and coupled through 
said annular gap to said interstage region. 

11. A high-vacuum pump comprising; 

two or more axial flow stages coupled in series, said axial flow stages divided into a first 
pump section and a second pump section separated fi-om said first pump section by an interstage 
region, each of said axial flow stages comprising a rotor and a stator; 

a motor; 

a shaft coupled between said motor and the rotor of each of said axial flow stages; and 
a housing containing said axial flow stages, said housing including a high conductance 
peripheral duct surrounding all or part of said interstage region and coupled to said interstage 
region, said housing defining a first inlet port coupled to an inlet of said first pump section, a 
second inlet port coupled to said peripheral duct and an exhaust port coupled to an outlet of said 
second pump section. 

12. A high-vacuum pump as defined in claim 1 1 wherein said housing comprises a generally 
cylindrical wall having an annular gap adjacent to said interstage region and wherein said 
peripheral duct comprises an annular duct surrounding said annular gap and coupled through 
said annular gap to said interstage region. 

13. A high-vacuum pump as defined in claim 1 1 wherein said second pump section further 
comprises one or more molecular drag stages. 

14. A diffusion pump comprising: 

two or more vapor jet stages coupled in series, said vapor jet stages divided into a first 
10 
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pump section and a second pump section having an interstage region between them; 
a vapor source for supplying a vapor to said vapor jet stages; and 
a housing containing said vapor jet stages, said housing including a high conductance 
peripheral duct surrounding all or part of said interstage region and coupled to said interstage 
region, said housing defining a first inlet port coupled to an inlet of said first pump section, a 
second inlet port coupled to said peripheral duct and an exhaust port coupled to an outlet of said 
second pump section. 

15. A diffusion pump as defined in claim 14 wherein said housing comprises a generally 
cylindrical wall having an annular gap adjacent to said interstage region and wherein said 
peripheral duct comprises an annular duct surrounding said annular gap and coupled through 

said annular gap to said interstage region. 

16. A high-vacuum pump comprising: 

one or more axial flow stages and one or more molecular drag stages coupled in series, 
said axial flow stages and said molecular drag stages divided into a first pump section and a 
second pump section separated from said first pump section by an interstage region, each of said 
axial flow stages and said molecular drag stages comprising a rotor and a stator; 

a motor; 

a shaft coupled between said motor and the rotor of each of said axial flow stages and 
said molecular drag stages; and 

a housing containing said axial flow stages and said molecular drag stages, said housing 
including a high conductance peripheral duct surrounding all or part of said interstage region 
and coupled to said interstage region, said housing defining a first inlet port coupled to an inlet 
of said first pump section, a second inlet port coupled to said peripheral duct, and an exhaust 
port coupled to an outiet of said second pump section. 

17. A high-vacuum pump as defined in claim 16 wherein said housing comprises a generally 
cylindrical wall having an annular gap adjacent to said interstage region and wherein said 
peripheral duct comprises an annular duct surrounding said annular gap and coupled through 
said annular gap to said interstage region. 



11 
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